Background: Scientific evidence is insufficient to answer the question of whether premature birth causes altered tooth-crown dimensions. Objective: To evaluate permanent tooth-crown dimensions in prematurely born children and to compare the findings with full-term born controls. Subjects and Methods: Preterm children of 8-10 years of age were selected from the Swedish Medical Birth Register. One group consisted of 36 extremely preterm children (born before the 29th gestational week); the other group included 37 very preterm children (born during gestational weeks 29-32). The preterm children were compared with 41 matched full-term born children. Clinical examination and study casts were performed on all children. Permanent maxillary and mandibular first molars, central incisors, and laterals were measured with a digital sliding caliper on study casts. The tooth-crowns were measured both mesio-distal and bucco-lingual. Results: Both the mesio-distal and bucco-lingual measurements in the maxillary and mandibular first molars had a significantly smaller width in the extremely preterm group compared with the full-term group. The central incisors and lower laterals were significantly smaller mesio-distally in the extremely preterm group compared to the full-term group. A reduction in tooth size of 4-9% was found between the extremely preterm group and the full-term group for both boys and girls. The maxillary first molars and mandibular left first molar were also smaller mesio-distally in the extremely preterm group compared to the very preterm group. The results indicate that the more preterm the birth, the smaller the tooth-crown dimensions. Independent of gestational age girls had generally smaller teeth than boys. Conclusion: Premature birth is associated with reduced tooth-crown dimensions of permanent incisors and first molars.
Introduction
The great improvement that has occurred in neonatal health and intensive care during the recent decades has led to improved overall survival of premature infants (1, 2) . In a recent, multinational cohort of preterm and low birth weight infants a marked variation evaluated enamel defects and a systematic review concluded that the scientific literature indicates an association between preterm birth and developmental enamel defects in the primary dentition, whereas the evidence for an association with developmental defects in the permanent dentition is weaker (5) . There have been discussions in the research literature about whether or not prematurity results in altered tooth-crown dimensions. Some studies have shown that both primary (6) (7) (8) and permanent teeth (8) could be smaller in prematurely born children, while other studies have found both smaller and larger primary and permanent teeth among prematurely born children (9, 10) . Mineralization of the permanent teeth starts at birth with the first molars. The incisors and canines start their mineralization during the first year of life, the premolars and second molars between the second and third years of life. The crowns of the permanent incisors and first molars are generally completed between 4 and 6 years of age (11) . The variation in tooth-crown dimensions have often been claimed to be multifactorial with strong genetic, epigenetic, and environmental influences, and may reflect general disturbances of individual development in both the prenatal and postnatal period (12, 13) . This indicates that the tooth-crown dimensions could be affected by the preterm birth. Since the literature shows contradictory results concerning the tooth-crown dimensions in prematurely born children (14) , the aim of this study was to evaluate and compare permanent tooth-crown dimensions measured on study casts of 8-10-year-old children with histories of preterm or full term births.
Subjects
The recruitment of patients is described in detail in the study by Paulsson et al. (15) , where the purpose was to evaluate the differences in the prevalence of malocclusion traits and orthodontic treatment needs in premature and full0term children. The study was approved by the Ethics Committee of the University of Lund, Sweden (ref.
no. LU 61-01). After permission from the National Epidemiologic Center of the Swedish National Board of Health and Welfare, access to the Medical Birth Register was obtained. An epidemiologist at the Department of Epidemiology, University of Lund performed the selection from the register and created a data file of all children born in gestation weeks 23-32 from 1992 to 1996 in the County council of Skane, Sweden. The data file contained information about gestational age and birth weight for 150 extremely preterm (EPT) children born between gestational weeks 23-28 and for 340 very preterm (VPT) children born between gestational weeks 29-32.
Inclusion criteria were Caucasian children between 8 and 10 years, born at the University Hospitals of Lund and Malmö and now living in the southwest part of the County council of Skane. Children with syndromes or with neuromuscular disorders (e.g. cerebral palsy) were excluded (2 VPT and 7 EPT children). In the group of EPT children, 56 fulfilled the inclusion criteria and were invited to participate. Among the 184 VPT children who fulfilled the inclusion criteria, 52 children were randomly selected and asked to participate in the study.
The control group of full-term (FT) children was also recruited from the Medical Birth Register. A full-term, normal birth weight child who was born at the same hospital was of the same gender and nationality, had come from the same living area, and was nearest in birth month was selected. Children with syndromes or with neuromuscular disorders were also excluded (1 child). Children born from gestational weeks 33-36 were not included in the study. The subjects that agreed to participate and fulfilled all the inclusion requirements finally consisted of 36 EPT children, 37 VPT children, and 42 fullterm controls. Both maxillary and mandibular permanent first molars, central incisors, and laterals for each quadrant were measured by using a high-precision digital caliper (Mitutoyo Manufacturing Co. Ltd., Japan) to an accuracy of 0.1 mm. Measurement of the mesio-distal crown diameter of each tooth were carried out on the maximal distance between the contact points of each tooth parallel to the labial and occlusal surfaces. The bucco-lingual measurements of the centrals and the laterals were done by measuring the greatest distance between the cingulum and a point parallel to it buccally on the cervical line, while the bucco-lingual measurements of the molars were performed on the greatest distance between the buccal groove and a point parallel to it lingually on the cervical line. The teeth that were missing or broken or not fully erupted were not measured.
Methods
One observer performed the tooth-crown dimension measurements, and the observer was not aware of the group to which the subject belonged. A random selection of 20 casts were re-measured by the observer. The precision of a single measurement was expressed according to Dahlberg (16) as the standard deviation, SD = S d 2 /2n, where d is the difference between two measurements of the tooth width and n is the number of duplicate measurements.
Statistical analysis
All data were analysed with the Statistical Package for the Social Sciences (SPSS, SPSS Inc., Chicago, Illinois, USA) version 21.0 software program. Numerical data with means and standard deviations were calculated with two-way analysis of variance (ANOVA) with repeated measurements. Tukey's post-hoc test was used to test differences between groups. The Intraclass Correlation Coefficient (ICC) was calculated for intraobserver agreement at each measurement site.
Results

General data
General characteristic data of the study population at birth and at investigation is seen in Table 1 . The total number of subjects included was 114. The distribution of boys and girls is described in Table 1 . The EPT and VPT groups were comprised of 4 and 2 pairs of twins, respectively (Table 1) . At the examination, the mean age of EPT and VPT children was 9.2 and 9.4 years, and was 9.5 years of for the FT children. A small and statistically significant difference in age was found between the EPT and FT children (Table 1 ). This age group represents children that are in the mixed dentition stage, and with the first permanent molars, central incisors, and most of the laterals having erupted or still in the erupting stage.
Sample of teeth
In the total sample, 49 teeth (41 laterals, 6 first molars, and 2 central incisors) of 1368 were not possible to measure. The main reasons for measurement being impossible were because the teeth were missing or not fully erupted, especially the laterals were missing due to not having fully erupted.
First molars
In the EPT, both the mean mesio-distal and bucco-lingual measurements in the maxillary and mandibular first molars had a statistically significant smaller width compared with the FT (Table 2 ). The mean amount of reduction ranged from 0.40 to 0.80 mm (4-9%) for the mesio-distal distance and 0.50 to 0.60 mm (5%) for the bucco-lingual distance. The mesio-distal distance in the maxillary first molars were significantly smaller in the EPT compared to the VPT. No other significant results were found between the groups (Table 2) .
Central and lateral incisors
The central incisors and lower laterals were statistically significant smaller mesio-distally in the EPT compared to the FT ( Table 3 ). The mean amount of reduction varied from 0.25 to 0.60 mm (5-8%) for the mandibular and maxillary central incisors. The mean reduction for the lower laterals was 0.30 mm (5%) for the mesio-distal distances. In the VPT children, the mandibular and maxillary central incisors and tooth 42 had smaller mesio-distal distance compared to the FT children. The mean amount of reduction was 0.25 to 0.60 mm (5-8%). No other significant differences were found between the groups (Table 3) .
Gender differences
When analysis between genders for the whole sample was conducted, it was found that the mean bucco-lingual distances for 16, 26, and 11 were statistically significant shorter for the girls compared to the boys (mean difference 0.3 mm, P < 0.3).
When comparisons between the groups were performed by gender it was shown that for several measurements of the first molars the mean differences were statistically significant smaller in the EPT group compared to the FT group for both boys and girls (Table 4 ). The mean difference for 21 mesio-distal distances were shown to be significantly smaller for both boys and girls in the EPT group compared to the FT group, as well as for 11 mesio-distally in boys (Table 5) .
Within all three groups the mean mesio-distal and bucco-lingual distances for the first molars and the incisors were equally or smaller for the girls compared to the boys, except for 36 and 46 were the boys had smaller mesio-distal distances compared to the girls (Tables  4 and 5 ).
Method error analysis
The precision of a single measurement varied between 0.012 and 0.184 mm. The results for ICC for intraobserver agreement varied between 0.8 and 1.0. Table 1 . General characteristic data for the extremely preterm (EPT), very preterm (VPT), and full-term (FT) children at birth and at investigation. NS, not significant. *P < 0.05; **P < 0.01; ***P < 0.001. Table 2 . Mean mesio-distal (M-D) and bucco-lingual (B-L) distances for the first molars within the groups extremely preterm (EPT, n = 36), very preterm (VPT, n = 37), and full term (FT, n = 41). The range for 95% confidence interval (CI) for each mean is specified. 
Discussion
This study suggests that premature birth is associated with reduced tooth-crown dimensions of permanent teeth. All the first molars and the central incisors in the maxilla in the EPT group were significantly smaller than the corresponding teeth when compared to the FT group. The upper lateral incisors did not show significant differences. An explanation for that might be that the size of the lateral incisor is the most dimensionally variable and inconsistent among the measured teeth (11) . Additionally, the upper lateral incisors are mineralized at a later period than the central incisors and the first molars (11) and maybe not so affected by the premature birth. The maxillary lateral incisors were the most commonly excluded teeth due to not having fully erupted or because they were missing.
Compared to the FT group also in the mandibular, all the first molars and the incisors were significantly smaller in the EPT group, except for the laterals and the right central bucco-lingually. A contributing factor in the latter case might be difficulties with identifiable registration points of measurements in the bucco-lingual direction. Previous studies have shown smaller teeth in primary (6-8) and permanent teeth in prematurely born children or children with low birth weight (8, 17) . Two other studies on permanent (9) and primary teeth (10) showed both smaller and larger tooth-crown dimensions in the prematurely born children. However, all the children in these study were born in the 1960s, when neonatal intensive medical care was not as advanced as today; infants with short gestation and low birth weight had a higher neonatal mortality rate, and thus it is Table 4 . Mean mesio-distal (M-D) and bucco-lingual (B-L) distances for the first molars for boys and girls, within the groups extremely preterm (EPT, boys n = 25, girls =11), very preterm (VPT, boys n = 20, girls =17), and full term (FT, boys n = 22, girls =19). The range for 95% confidence interval (CI) for each mean is specified. Table 3 . Mean mesio-distal (M-D) and bucco-lingual (B-L) distances for the central and lateral incisors within the groups extremely preterm (EPT, n = 36), very preterm (VPT, n = 37), and full term (FT, n = 41). The range for 95% confidence interval (CI) for each mean is specified. uncertain if the results are representative for the extremely preterm children of today. In a recent study, the tooth size of all the permanent teeth in EPT children were compared with FT controls (17) . In agreement with our study the EPT children had significantly smaller incisors, canines, and first molars. The participants in our study were in the mixed dentition and only measurements of incisors and first molars were possible. The observation that there exist variations in tooth size and shape among boys and girls has been recognized for a long time (11) . Boys generally have larger teeth than girls. The genes affecting tooth crown size are situated on both X-and Y-chromosomes; the influence of the Y-chromosome is different from the X-chromosome. The X-chromosome increases the enamel thickness and the Y-chromosome promotes amelogenesis and dentinogenesis (18) . In agreement with this, the girls in the present study in general had significantly smaller tooth dimensions compared to the boys, the difference was independent of gestational age. Also in the study by Rythén et al. (17) it was shown that girls had smaller tooth dimensions compared to boys, however the authors have not described if the differences were significant. In another study, both primary and permanent teeth in twins with low birth weight (LBW ≤ 2500 g) were evaluated. Researchers found that LBW girls displayed tooth-size reduction of approximately 2-3% for both primary and permanent incisors (8) .
Measurement Sites
Of the participants in the present study, four sets of twins in the EPT group and two sets of twins in the VPT group may affect the results, since similarity in the tooth size and morphology of twins has been reported, which suggests an inheritability factor for tooth size (19) .
The main strengths of the present study include that the registrations were based on standardized and repeatable methodology; all measurements on study casts were performed blinded. The results from re-measurement showed good degree of precision and excellent level of reliability. Two strictly defined groups of preterm children have been compared with a well-defined and matched control group of full-term children in the current study. Low birthweight is either the result of preterm birth or of restricted intrauterine growth. Children with low birthweight could be mature but small for gestational age. Therefore, it has been claimed that the ultrasonograpically determined gestational age better describes the maturity of preterm infants. The preterm children included in this study were strictly included according to their gestational age. This means that no fullterm children with low birthweight (small for gestational age) have been included in the preterm groups. It has been reported in previous studies that tooth size variation differs among different populations and ethnicities (20) . In order to reduce potential confounding factors like ethnic differences, only Caucasians were included in the study, and thereby, a homogenous sample was made. Table 5 . Mean mesio-distal (M-D) and bucco-lingual (B-L) distances for the central and lateral incisors for boys and girls, within the groups extremely preterm (EPT, boys n = 25, girls =11), very preterm (VPT, boys n = 20, girls =17), and full term (FT, boys n = 22, girls =19). The range for 95% confidence interval (CI) for each mean is specified. Manual linear measurements made on study casts with calipers are commonly used for analysing tooth dimensions. Digital measurements on 3D models could also be used. In a systematic review, the authors concluded that orthodontic measurements with digital models were comparable to those derived from study casts (21) . The main reason to use manual measurements on study casts in the present study was that our aim was to compare the results of this study with the results of similar studies with manual measurements (6) (7) (8) (9) (10) .
The reason for reduced dimensions of the tooth size is not yet clear, whether this reduction is due to a generalized reduction in crown dimension, or whether it is the result of a reduction in enamel thickness. The enamel thickness of the maxillary primary incisors of preterm children has been investigated, and results from that study showed that preterm primary dental enamel is abnormal in surface quality and approximately 20% thinner than full term controls. This enamel reduction is mainly due to reduced prenatal enamel growth (22) .
The children included in this study have earlier been evaluated for malocclusion traits and orthodontic treatment needs (15) . A higher prevalence of malocclusion traits and the professional assessed need of orthodontic treatment need were higher in the preterm compared to the full term children. Significantly more preterm children had spacing, which could be connected to the smaller tooth dimensions. Spacing and smaller teeth could be aesthetically problematic for some individuals, thus the clinician should be aware of the potential to detect these findings. In general, the preterm children could have many medical health problems. The dental profession should be aware of the potential of odontological consequences that arise from preterm birth and make appropriate actions to improve oral health-related quality of life in this group of patients.
Conclusions
The tooth measurements of the two groups of the preterm children were compared to the full term control group and the data indicates that:
• Premature birth and especially extremely preterm birth is associated with reduced tooth-crown dimensions of permanent incisors and first molars. The amount of reduction varied from 4 to 9%. • Both extremely preterm born boys and girls had reduced toothcrown dimensions. Independent of gestational age girls had smaller tooth-crown dimensions than boys.
